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We used retroviral mediated gene transfer and gene knockout 
technologies to explore the in vivo functions of murine 
granulocyte -macrophage colony- st imulating factor (GM-CSF) [1, 2] . In 
tumor vaccination experiments, GM-CSF was the most potent molecule 
of a large number of cytokines, adhesion molecules and other 
immunomodulators for the induction of specific and long- lasting 
anti -tumor immunity. Vaccination required activities of both CD4 and 
CDS positive lymphocytes, and likely involved the augmentation by 
GM-CSF of host professional antigen-presenting cell function. Mice 
engineered by homologous recombination techniques in embryonic stem 
cells to lack GM-CSF demonstrated no significant perturbations in 
steady-state hematopoiesis . All mutant animals, however, developed 
the accumulation of surfactant proteins and lipids in the alveolar 
space, the defining feature of the idiopathic human disorder 
pulmonary alveolar proteinosis. Surfactant lipid and protein content 
were increased in the absence of alterations in surfactant protein 
mRNA, supporting the concept that surfactant clearance or catabolism 
was perturbed. Extensive lymphoid hyperplasia associated with lung 
airways and blood ***vessels*** was also found, yet no 
infectious agents could be isolated. These results demonstrate that 
GM-CSF is not an essential growth factor for basal hematopoiesis and 
reveal an unexpected, critical role for GM-CSF in pulmonary 
homeostasis. It is tempting to speculate that the ability of GM-CSF 
to modulate the uptake and processing of particulate material 
underlies the mechanisms of immunostimulation and surfactant 
accumulation. 
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AB BACKGROUND: In an effort to determine whether specific 

***genetic*** modifications of cells of the vascular system might 
improve the efficacy of existing clinical procedures such as 
endarterectomy, atherectomy, and percutaneous angioplasty, we 
investigated the utility of gene transfer to rapidly and efficiently 
repopulate injured arteries with ***genetically*** modified 
cells in an animal model. METHODS AND RESULTS: The method involves 
the harvest of autologous venous -derived ***endothelial*** 
cells, the efficient ***genetic*** modification of the cells 
through the use of recombinant retroviruses, and the subsequent 
implantation of the ***genetically*** ■ modified cells on the 
surface of balloon-denuded arterial segments. With a rabbit model, 
freshly isolated ***endothelial*** cells were transduced with a 
recombinant retrovirus encoding the bacterial enzyme 
beta-galactosidase . The autologous transduced cells were then 
implanted on the surface of balloon-denuded ileofemoral arterial 
segments at different cell densities; after 1 to 14 days, the 
animals were killed, and the ***vessel*** segments were 
examined. Cells expressing the bacterial gene product, as determined 
by in situ staining for beta-galactosidase, were found to be present 
on the surface of 28 of the 32 arteries seeded- with 

***genetically*** modified cells. ***Vessels*** examined at 4 
to 7 days after seeding displayed 40% to 90% coverage with 
transduced cells, even when seeded at subconfluent density, and an 
intact ***endothelial*** cell monolayer, as evidenced by 
scanning electron microscopy studies. ***Vessels*** examined at 
14 days after seeding revealed more variable staining for 
beta-galactosidase yet, again, in most cases, an intact 
***endothelial*** cell monolayer. CONCLUSIONS: These studies 
indicate the feasibility of generating segments of arterial 
***vessels*** containing ***genetically*** modified cells in a 
rapid and efficient fashion. Further studies are now necessary to 
determine whether the .local expression of specific polypeptides 



within a region of ***vessel*** for a finite period of time will 
be clinically useful. 
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AB The possibility of using the vascular ***endothelial*** cell as 
a target for gene replacement therapy was explored. Recombinant 
retroviruses were used to transduce the lacZ gene into 
***endothelial*** cells harvested from mongrel dogs. Prosthetic 
vascular grafts seeded with the . ***genetically*** modified cells 
were implanted as carotid interposition grafts into the dogs from 
which the original cells were harvested. Analysis of the graft 5 
weeks after implantation revealed ***genetically*** modified 
***endothelial*** cells lining the luminal surface of the graft. 
This technology could be used in the treatment of atherosclerosis 
disease and the design of new drug delivery systems. 
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AB Background In an effort to determine whether specific ***genetic*** 
modifications of cells of the vascular system might improve the 
efficacy of existing clinical procedures such as endarterectomy, 
atherectomy, and percutaneous angioplasty, we investigated the 
utility of gene transfer to rapidly and efficiently repopulate 
injured arteries with ***genetically*** modified cells in an 
animal model. Methods and Results The method involves the harvest of 
autologous venous -derived ***endothelial*** cells, the efficient 
***genetic*** modification of the cells through the use of 
recombinant retroviruses, and the subsequent implantation of the 
***genetically*** modified cells on the surface of balloon-denuded 
arterial segments. With a rabbit model, freshly isolated 
***endothelial*** cells were transduced with a recombinant 
retrovirus encoding the bacterial enzyme beta-galactosidase . The 
autologous transduced cells were then implanted on the surface of 
balloon denuded ileofemoral arterial segments at different cell 
densities; after 1 to 14 days, the animals were killed, and the 
***vessel*** segments were examined. Cells expressing the bacterial 
gene product, as determined by in situ staining for 

beta-galactosidase, were found to be present on the surface of 28 of 
the 32 arteries seeded with ***genetically*** modified cells. 
***Vessels*** examined at 4 to 7 days after seeding displayed 40% 
to 90% coverage with transduced cells, even when seeded at 
subconfluent density, and an intact ***endothelial*** cell 
monolayer, as evidenced by scanning electron microscopy studies. 
***Vessels*** examined at 14 days after seeding revealed more 
variable staining for beta-galactosidase yet, again, in most cases, 
an intact ***endothelial*** cell monolayer. Conclusions These 
studies indicate the feasibility of generating segments of arterial 
***vessels*** containing ***genetically*** modified cells in a 
rapid and efficient fashion. Further studies are now necessary to 
determine whether the local expression of specific polypeptides 
within a region of ***vessel*** for a finite period of time will 
be clinically useful. 
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We used retroviral mediated gene transfer and gene knockout 
technologies to explore the in vivo functions of murine 
granulocyte -macrophage colony-stimulating factor (GM-CSF) . In tumor 
vaccination experiments, GM-CSF was the most potent molecule of a 
large number of cytokines, adhesion molecules and other 
immunomodulators for the induction of specific and long-lasting 
ant i- tumor immunity. Vaccination required activities of both CD4 and 
CDS positive lymphocytes, and likely involved the augmentation by 
GM-CSF of host professional antigen-presenting cell function. Mice 
engineered by homologous recombination techniques in embryonic stem 
cells to lack GM-CSF demonstrated no significant perturbations in 
steady-state hematopoiesis . All mutant animals, however, developed 
the accumulation of surfactant proteins and lipids in the alveolar 
space, the defining feature of the idiopathic human disorder 
pulmonary alveolar proteinosis. Surfactant lipid and protein content 
were increased in the absence of alterations in surfactant protein 
mRNA, supporting the concept that surfactant clearance or catabolism 
was perturbed. Extensive lymphoid hyperplasia associated with lung 
airways and blood ***vessels*** was also found, yet no 
infectious agents could be isolated. These results demonstrate that 
GM-CSF is not an essential growth factor for basal hematopoiesis and 
reveal an unexpected, critical role for GM-CSF in pulmonary 
homeostasis. It is tempting to speculate that the ability of GM-CSF 
to modulate the uptake and processing of particulate material 
underlies the mechanisms of immunostimulation and surfactant 
accumulation . 
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The in vivo function of murine granulocyte -macrophage 
colony-stimulating factor (GM-CSF) was investigated in mice, 
carrying a null allele of the GM- CSF gene, that were generated by 
gene targeting techniques in embryonic stem cells. Although 
steady- state hematopoiesis was unimpaired in homozygous mutant 
animals, all animals developed the progressive accumulation of 
surfactant lipids and proteins in the alveolar space, the defining 
characteristic of the idiopathic human disorder pulmonary alveolar 
proteinosis. Extensive lymphoid hyperplasia associated with lung 
airways and blood ***vessels*** was also found, yet no 
infectious agents could be detected. These results demonstrate that 
GM-CSF is not an essential growth factor for basal hematopoiesis and 
reveal an unexpected, critical role for GM-CSF in pulmonary 
homeostasis . 
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Background: In an effort to determine whether specific 
***genetic*** modifications of cells of the vascular system might 
improve the efficacy of existing clinical procedures such as 
endarterectomy , atherectomy, and percutaneous angioplasty, we 



investigated the utility of gene transfer to rapidly and efficiently 
repopulate injured arteries with ***genetically*** modified 
cells in an animal model. Methods and Results: The method involves 
the harvest of autologous venous -derived ***endothelial*** 
cells, the efficient ***genetic*** modification of the cells 
through the use of recombinant retroviruses, and the subsequent 
implantation of the ***genetically*** modified cells on the 
surface of balloon-denuded arterial segments. With a rabbit model, 
freshly isolated ***endothelial*** cells were transduced with a 
recombinant retrovirus encoding the bacterial enzyme 
.beta. -galactosidase. The autologous transduced cells were then 
implanted on the surface of balloon-denuded ileofemoral arterial 
segments at different cell densities: after 1 to 14 days, the 
animals were killed, and the ***vessel*** segments were 
examined. Cells expressing the bacterial gene product, as determined 
by in situ staining for . beta . -galactosidase , were found to be 
present on the surface of 28 'Of the 32 arteries seeded with 
***genetically*** modified cells. ***Vessels*** examined at 4 
to 7 days after seeding displayed 40% to 90% coverage with 
transduced cells, even when seeded at subconfluent density, and an 
intact ***endothelial*** cell monolayer, as evidenced by 
scanning electron microscopy studies. ***Vessels*** examined at 
14 days after seeding revealed more variable staining for 
.beta. -galactosidase yet, again, in most cases, an intact 
***endothelial*** cell monolayer. Conclusions: These studies 
indicate the feasibility of generating segments of arterial 
***vessels*** containing ***genetically*** modified cells in a 
rapid and efficient fashion. Further studies are now necessary to 
determine whether the local expression of specif ic polypeptides 
within a region of ***vessel*** for a finite period of time will 
be clinically useful. 
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AB We used retroviral mediated gene transfer and gene knockout 
technologies to explore the in vivo functions of murine 
granulocyte -macrophage colony-stimulating factor (GM-CSF) [1, 2] . In 
tumor vaccination experiments, GM-CSF was the most potent molecule 
of a large number of cytokines, adhesion molecules and other 
immunomodulators for the induction of specific and long-lasting 
anti- tumor immunity. Vaccination required activities of both CD4 and 
CDS positive lymphocytes, and likely involved the augmentation by 
GM-CSF of host professional antigen-presenting cell function. Mice 
engineered by homologous recombination techniques in embryonic stem 
cells to lack GM-CSF demonstrated no significant perturbations in 
steady-state hematopoiesis . All mutant animals, however, developed 
the accumulation of surfactant proteins and lipids in the alveolar 
space, the defining feature of the idiopathic human disorder 
pulmonary alveolar proteinosis. Surfactant lipid and protein content 
were increased in the absence of alterations in surfactant protein 
mRNA, supporting the concept that surfactant clearance or catabolism 
was perturbed. Extensive lymphoid hyperplasia associated with lung 
airways and blood ***vessels*** was also found, yet no 
infectious agents could be isolated. These results demonstrate that 
GM-CSF is not an essential growth factor for basal hematopoiesis and 
reveal an unexpected, critical role for GM-CSF in pulmonary 
homeostasis. It is tempting to speculate that the ability of GM-CSF 
to modulate the uptake and processing of particulate material 
underlies the mechanisms of immunostimulation and surfactant 
accumulation. 
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AB BACKGROUND: In an effort to determine whether specific 

***genetic*** modifications of cells of the vascular system might 
improve the efficacy of existing clinical procedures such as 
endarterectomy , atherectomy, and percutaneous angioplasty, we 
investigated the utility of gene transfer to rapidly and efficiently 
repopulate injured arteries with ***genetically*** modified 
cells in an animal model. METHODS AND RESULTS: The method involves 
the harvest of autologous venous-derived ***endothelial*** 
cells, the efficient ***genetic*** modification of the cells 
through the use of recombinant retroviruses, and the subsequent 
implantation of the ***genetically*** modified cells on the 
surface of balloon-denuded arterial segments. With a rabbit model, 
freshly isolated ***endothelial*** cells were transduced with a 
recombinant retrovirus encoding the bacterial enzyme 
beta-galactosidase , The autologous transduced cells were then 
implanted on the surface of balloon-denuded ileofemoral. arterial 
segments at different cell densities; after 1 to 14 days, the 
animals were killed, and the ***vessel*** segments were 
examined. Cells expressing the bacterial gene product, as determined 
by in situ staining for beta-galactosidase, were found to be present 
on the surface of 28 of the 32 arteries seeded with 

***genetically*** modified cells. ***Vessels*** examined at 4 
to 7 days after seeding displayed 40% to 90% coverage with 
transduced cells, even when seeded at subconfluent density, and an 
intact ***endothelial*** cell monolayer, as evidenced by 
scanning electron microscopy studies. ***Vessels*** examined at 
14 days after seeding revealed more variable staining for 
beta-galactosidase yet, again, in most cases, an intact 
***endothelial*** cell monolayer. CONCLUSIONS: These studies 
indicate the feasibility of generating segments of arterial 
***vessels*** containing ***genetically*** modified cells in a 
rapid and efficient fashion. Further studies are now necessary to 
determine whether the local expression of specific polypeptides 
within a region of ***vessel*** for a finite period of time will 



be clinically useful. 
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AB The possibility of using the vascular ***endothelial*** cell as 
a target for gene replacement therapy was explored. Recombinant 
retroviruses were used to transduce the lacZ gene into 
***endothelial*** cells harvested from mongrel dogs. Prosthetic 
vascular grafts seeded with the ***genetically*** modified cells 
were implanted as carotid interposition grafts into the dogs from 
which the original cells were harvested. Analysis of the graft 5 
weeks after implantation revealed ***genetically*** modified 
***endothelial*** cells lining the luminal surface of the graft. 
This technology could be used in the treatment of atherosclerosis 
disease and the design of new drug delivery systems, 
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AB Background In an effort to determine whether specific ***genetic*** 
modifications of cells of the vascular system might improve the 
efficacy of existing clinical procedures such as endarterectomy , 
atherectomy, and percutaneous angioplasty, we investigated the 
utility of gene transfer to rapidly and efficiently repopulate 
injured arteries with ***genetically*** modified cells in an 
animal model. Methods and Results The method involves the harvest of 
autologous venous -derived ***endothelial*** cells, the efficient 
***genetic*** modification of the cells through the use of 
recombinant retroviruses, and the subsequent implantation of the 
***genetically*** modified cells on the surface of balloon-denuded 
arterial segments. With a rabbit model, freshly isolated 
***endothelial*** cells were transduced with a recombinant 
retrovirus encoding the bacterial enzyme beta-galactosidase . The 
autologous transduced cells were then implanted on the surface of 
balloon denuded ileofemoral arterial segments at different cell 
densities; after 1 to 14 days, the animals were killed, and the 
***vessel*** segments were examined. Cells expressing the bacterial 
gene product, as determined by in situ staining for 

beta-galactosidase, were found to be present on the surface of 28 of 
the 32 arteries seeded with ***genetically*** modified cells. 
***Vessels*** examined at 4 to 7 days after seeding displayed 40% 
to 90% coverage with transduced cells, even when seeded at 
subconfluent density, and an intact ***endothelial*** cell 
monolayer, as evidenced by scanning electron microscopy studies. 
***Vessels*** examined at 14 days after seeding revealed more 
variable staining for beta-galactosidase yet, again, in most cases, 
an intact ***endothelial*** cell monolayer. Conclusions These 
studies indicate the feasibility of generating segments of arterial 
***vessels*** containing ***genetically*** modified cells in a 
rapid and efficient fashion. Further studies are now necessary to 
determine whether the local expression of specific polypeptides 
within a region of ***vessel*** for a finite period^of time will 
be clinically useful. 
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We used retroviral mediated gene transfer and gene knockout 
technologies to explore the in vivo functions of murine 
granulocyte -macrophage colony-stimulating factor (GM-CSF) . In tumor 
vaccination experiments, GM-CSF was the most potent molecule of a 
large number of cytokines, adhesion molecules and other 
immunomodulators for the induction of specific and long- lasting 
anti-tumor immunity. Vaccination required activities of both CD4 and 
CDS positive lymphocytes, and likely involved the augmentation by 
GM-CSF of host professional antigen-presenting cell function. Mice 
engineered by homologous recombination techniques in embryonic stem 
cells to lack GM-CSF demonstrated no significant perturbations in 
steady- state hematopoiesis . All mutant animals, however, developed 
the accumulation of surfactant proteins and lipids in the alveolar 
space, the defining feature of the idiopathic human disorder 
pulmonary alveolar proteinosis. Surfactant lipid and protein content 
were increased in the absence of alterations in surfactant protein 
mRNA, supporting the concept that surfactant clearance or catabolism 
was perturbed. Extensive lymphoid hyperplasia associated with lung 
airways and blood ***vessels*** was also found, yet no 
infectious agents could be isolated. These results demonstrate that 
GM-CSF is not an essential growth factor for basal hematopoiesis and 
reveal an unexpected, critical role for GM-CSF in pulmonary 
homeostasis. It is tempting to speculate that the ability of GM-CSF 
to modulate the uptake and processing of particulate material 
underlies the mechanisms of immunostimulation and surfactant 
accumulation. 
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